Acute radiation dermatitis is a frequent adverse effect in patients with breast cancer undergoing radiotherapy, but there are only a small number of studies providing evidence-based interventions for this clinical condition. Adlay is a cereal crop that has been previously shown to have anti-inflammatory and antioxidant properties. In this study, we seek to evaluate the effectiveness of oral prophylactic treatment with adlay bran extract in reducing the risk of severe acute radiation dermatitis. A total of 110 patients with breast cancer undergoing radiotherapy were analyzed. Using a prospective, randomized, double-blind design, 73 patients received oral treatment with adlay bran extract and 37 patients received olive oil (placebo). Treatment was started at the beginning of radiation therapy and continued until the termination of radiation treatment. Our results showed that the occurrence of severe acute radiation dermatitis (RTOG grade 2 or higher) was significantly lower in patients treated with oral adlay bran extract compared to placebo (45.2% versus 75.7%, adjusted odds ratio 0.24). No serious adverse effects from adlay bran treatment were noted. In conclusion, prophylactic oral treatment with adlay bran extract reduces the risk of severe acute radiation dermatitis and may have potential use in patients with breast cancer undergoing radiotherapy.
Introduction
Radiation therapy is commonly used for the treatment of various types of cancers. It can be used alone or in combination with other forms of treatment (such as surgery and chemotherapy). However, radiotherapy is limited by its potential to cause injury to normal tissues. The skin contains cells with high proliferative rate and is therefore one of the tissues most susceptible to radiation damage. Cells in the skin that are highly radiosensitive include the epidermal basal keratinocytes and hair follicle stem cells [1] . Radiation dermatitis occurs frequently in patients with breast cancer 2 Evidence-Based Complementary and Alternative Medicine receiving radiotherapy and may limit the duration and total dose of radiation treatment [2, 3] .
Radiation-induced skin injury may be categorized as acute or chronic [4] . Acute radiation dermatitis occurs within hours to weeks after initiation of radiation treatment, whereas chronic radiation dermatitis develops months to years after radiotherapy. In this study, we are mainly interested in evaluating acute radiation dermatitis. The clinical features of acute radiation dermatitis include skin erythema, dry desquamation, moist desquamation, and changes in pigmentation. A subset of patients may develop severe forms of radiation dermatitis with skin ulceration and necrosis [2] .
Although various topical and oral agents have been used for the prevention or treatment of acute radiation skin reactions, only a small number of controlled trials have been performed, and some of the evidence is conflicting [5, 6] . Accordingly, there is currently no general consensus regarding how to treat or prevent acute radiation dermatitis, and practices vary widely between different hospitals and also between clinicians. In addition, some of the treatment modalities are based only on anecdotal evidence.
Adlay (Coix lacryma-jobi L. var. ma-yuen Stapf), also known as Job's tears, is an annual cereal crop which belongs to the family Gramineae. It is mainly planted in certain Asian countries including China, Japan, and India. The adlay seed is composed of four different parts from the outside to the inside, which are the hull, testa, bran, and endosperm. This cereal crop has previously been used for centuries in traditional Chinese medicine and as a food supplement. Previous studies have shown that adlay (either the whole seed or the bran part) has multiple pharmacological properties, including anti-inflammatory [7] [8] [9] , antioxidant [10] [11] [12] , and anticancer activities [13, 14] . In this prospective, randomized, double-blind controlled study, we seek to evaluate the efficacy of prophylactic oral therapy with adlay bran extract in reducing the risk of severe acute radiation dermatitis in patients with breast cancer undergoing radiotherapy.
Patients and Methods

Patient
Recruitment. This is a prospective, randomized, double-blind controlled study performed at Kaohsiung Medical University Hospital. From December 2011 to August 2013, consecutive eligible female patients with unilateral breast cancer attending the Department of Radiation Oncology were asked to participate in this study. All patients received either breast conserving surgery or modified radical mastectomy followed by adjuvant radiation therapy. The exclusion criteria for this clinical trial were patients with recurrent breast cancer or distant metastases from breast cancer, pregnant women, patients receiving chemotherapy and radiotherapy at the same time, concurrent treatment with oral corticosteroids, prior radiation therapy to the breast or chest wall, past breast implants or reconstructions, and systemic connective tissue diseases (including scleroderma and lupus erythematosus). This clinical trial was approved by the ethics committee of our hospital, and all patients gave informed consent before participation in this study.
Radiotherapy.
Adjuvant radiotherapy was administered following surgery for breast cancer. Planning for radiation therapy was performed using the Pinnacle three-dimensional treatment planning system. Each patient underwent computed tomography imaging from the level of the neck to the upper abdomen. The target volumes were defined according to the guidelines of the International Commission on Radiation Units and Measurements (ICRU) Reports 50 and 62 [15, 16] . The ipsilateral breast or chest wall (and regional lymph nodes) represented the clinical target volumes (CTV). To delineate the planning target volumes (PTV), a 5-10 mm margin was added around the CTV, to account for differences in radiotherapy treatment setup and movement during breathing.
Patients who underwent breast conserving surgery were given external beam irradiation with photons to the entire breast. Patients who underwent modified radical mastectomy received irradiation with photons to the chest wall and regional lymph nodes. The total dose of radiotherapy delivered was 50.0-50.4 Gy, administered in 1.8-2.0 Gy fractions, five days a week. The radiation dose was prescribed to a point in the midplane of the breast or chest wall (defined as the ICRU reference point). Radiotherapy was administered using two opposed tangential 6 MV photon beams, with wedges and/or up to four small subbeams to obtain a homogeneous dose distribution. The radiation dose distribution of the PTV was designed to meet the ICRU dose uniformity guidelines. Patients who underwent breast conserving surgery received an additional 10-14 Gy boost dose to the tumor bed with three-dimensional photon beam technique. The total duration of radiotherapy was 5 to 6 weeks.
Preparation of Adlay Bran Extract.
Adlay seed samples were obtained from farmers (in Taichung, Taiwan) who planted Taichung Shuenyu number 4 (TCS4) of Coix lacryma-jobi L. var. ma-yuen Stapf. The bran part of adlay was separated from the other parts of adlay seed, protected from light, and extracted with ethanol (1 : 6; weight/volume) at room temperature for 24 hours. The plant residues were removed by centrifugation, and a rotary vacuum evaporator was employed to concentrate the ethanolic extract under reduced pressure. Around 10 grams of adlay bran was required to yield one gram of adlay bran extract. The adlay bran extract was subsequently manufactured into capsules (500 mg weight) for clinical use.
Patient Randomization and Treatment Schedule.
Patients were randomly allocated to one of two groups (adlay bran extract or olive oil) in a double-blind fashion in a 2 : 1 ratio using a computer-generated randomization list. We had elected to use unequal randomization ratios in this study in order to increase patient acceptability of the trial and therefore improve recruitment rates and because increased number of patients being allocated to the adlay group will allow us to better monitor any possible side effects which may arise from this new treatment [17] . The adlay bran extract and olive oil oral capsules were identical in appearance with similar consistency and taste and were placed in identicalappearing boxes labeled with a code for each patient. The allocation code for each patient was kept secret in a computer file until the end of the study. The drug contents were not revealed to the clinicians and investigators until completion of the study.
Patients were instructed to take the assigned drug, four capsules a day in two divided doses (each capsule 500 mg), from the first day of radiotherapy, and to continue till the last day of radiotherapy. The total treatment period was 5-6 weeks. Patients were asked not to take oral anti-inflammatory medications or apply topical skin agents during the study period. Compliance to study medications was monitored at every follow-up visit. Patients who failed to take the assigned drug for ≥5 days were removed from the study for noncompliance.
Clinical Scoring Criteria for the Assessment of Acute Radiation Dermatitis.
Evaluation of radiation-induced skin injury with clinical scoring criteria was performed before the start of radiotherapy and at the end of radiotherapy (on the last day of radiotherapy, i.e., 5-6 weeks after the first day of radiation therapy). Acute radiation dermatitis was graded using the Radiation Therapy Oncology Group (RTOG) scoring criteria. The acute radiation skin reactions were classified as mild (grade 1 and below) or severe (grade 2 and above). All patients were assessed jointly by an experienced radiation oncologist and a dermatologist who were blinded to the intervention received by the patients, and a consensus score for the skin reaction was determined.
Statistical Analysis.
The data were presented as mean ± standard deviation (SD). The two-sample -test was used to compare continuous variables. The Chi-square test or Fisher's exact test was employed to analyze categorical variables. Multivariate analysis to evaluate potential prognostic factors (age, body mass index, diabetes mellitus, hypertension, hemoglobin level, creatinine level, type of surgery, chemotherapy before radiotherapy, and hormone therapy) for the development of severe acute radiation dermatitis was performed using logistic regression. Statistical analysis was performed using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). Results were considered to be statistically significant if the value was <0.05.
Results
Clinical Features of Patients.
During the patient recruitment process, 172 patients were assessed for eligibility, and 58 patients were excluded (11 patients not meeting inclusion criteria and 47 patients declined to participate). The remaining 114 patients were randomly allocated in a 2 : 1 ratio to treatment with adlay bran extract or olive oil (placebo) (Figure 1 ). Three patients from the adlay bran extract group and one patient from the olive oil group subsequently discontinued from the study because of inadequate adherence to treatment. Consequently, 73 patients from the adlay bran extract group and 37 patients from the olive oil group completed the study. Therefore, a total of 110 women who received radiotherapy for breast cancer were analyzed in this study.
Demographic and clinical characteristics for the intervention (adlay bran extract) and placebo (olive oil) groups including age, body mass index (BMI), education, marital status, annual income, breast cancer stage, the frequency of various comorbidities (diabetes mellitus and hypertension), pretreatment blood tests (hemoglobin, creatinine, cholesterol, and triglyceride), and different treatments for breast cancer (type of surgery, chemotherapy before radiotherapy, and hormone therapy) are shown in Table 1 . The adlay and placebo groups were well balanced, with no statistically significant differences with respect to patient-and treatmentrelated factors.
Comparison of Acute Radiation Dermatitis Severity between the Intervention and Placebo Groups Using RTOG
Criteria. The RTOG criteria were used to grade the severity of acute radiation dermatitis in patients with breast cancer. Before the start of radiation treatment, no patients exhibited clinically obvious erythema on the irradiation field, and all patients were scored as 0 on the RTOG scale. The severity of acute radiation dermatitis (assessed using the RTOG criteria) following radiotherapy is shown in Table 2 . For patients in the intervention group (treated with adlay bran extract), the proportion of patients who developed various grades of acute radiation dermatitis was as follows: 5.5% (grade 0), 49.3% (grade 1), 34.2% (grade 2), and 11.0% (grade 3). For patients treated with placebo (olive oil), the proportion of patients who developed various grades of acute radiation dermatitis was as follows: 0.0% (grade 0), 24.3% (grade 1), 67.6% (grade 2), and 8.1% (grade 3). No patients in either the intervention or placebo groups developed grade 4 acute radiation dermatitis. There was a statistically significant inverse association between adlay bran extract treatment and acute radiation dermatitis severity ( = 0.006, Fisher's exact test).
In addition, when patients were grouped into those who developed mild radiation dermatitis (grade 1 and below) and severe radiation dermatitis (grade 2 and above), we found that the occurrence of severe radiation dermatitis (RTOG grade ≥ 2) was significantly lower in patients treated with oral adlay bran extract compared to placebo (45.2% versus 75.7%, = 0.002, Chi-square test).
Adverse Effects.
The great majority of patients did not report any adverse effects from oral ingestion of adlay bran extract throughout the treatment period. However, one patient reported abdominal bloating, and one patient reported mild watery stools following intake of adlay bran extract. These effects were mild and did not stop the patients from continuing to take the medications. No serious adverse reactions were noted.
Patient-and Treatment-Related Factors for the Development of Severe Acute Radiation Dermatitis.
Potential patientand treatment-related factors which may be associated with the development of severe acute radiation dermatitis (RTOG grade ≥ 2) were analyzed, including age, body mass index, diabetes, hypertension, hemoglobin level, creatinine level, type of surgery, chemotherapy before radiotherapy, and hormone therapy. In the univariate analysis, body mass index was found to be significantly associated with the development of severe acute radiation dermatitis (Table 3) . Multivariate analysis using logistic regression showed that the risk of developing severe acute radiation dermatitis (grade 2 or higher) was increased for patients with higher body mass index (adjusted odds ratio 1.31, = 0.002) and decreased for patients treated with adlay bran extract compared to placebo (adjusted odds ratio 0.24, = 0.004) ( Table 4) . Patients with diabetes also appeared to have higher risk of developing severe acute radiation dermatitis (adjusted odds ratio 3.95), but the trend did not reach statistical significance ( = 0.172). On the other hand, the risk of severe acute radiation dermatitis was not significantly altered by age, hypertension, hemoglobin level, creatinine level, type of surgery, chemotherapy before radiotherapy, or hormone therapy.
Discussion
Acute radiation dermatitis is a common side effect in patients with breast cancer receiving radiation therapy. Although some patients develop only mild skin erythema, the skin reaction in a subset of patients may progress to moist desquamation and ulceration. Acute radiation-induced skin damage may have major adverse impacts on a patient's wellbeing and quality of life [18] . In severe cases, radiotherapy may have to be interrupted or terminated, which may have negative consequences for cancer control and treatment [19] . Currently, the mechanism of skin injury due to ionizing radiation is only partially understood. Acute radiation exposure causes single-and double-stranded DNA breaks and induces direct injury to cells of the epidermis and hair follicle (particularly stem cells), dermal fibroblasts, and endothelial cells [2, 20] . Furthermore, it leads to the generation of reactive oxygen species, which may cause damage to cellular DNA, proteins, and lipids. In addition, radiation-associated skin injury leads to the recruitment of inflammatory cells and production of cytokines, resulting in skin inflammation [1, 21] .
Various clinical scoring systems have been developed to grade the severity of acute radiation dermatitis, the most common of which are the Radiation Therapy Oncology Group (RTOG) and the Common Terminology Criteria for Adverse Events (CTCAE) criteria [22] [23] [24] . The RTOG [25] and are therefore used in this study.
Although acute radiation dermatitis is a frequent adverse effect of radiotherapy, there is currently no standard management for this condition [26] . There have been only a small number of studies providing evidence-based interventions for radiation-induced skin reactions, and some of the reports are conflicting. Topical corticosteroids were found by some studies to be beneficial in preventing or treating acute radiation dermatitis [27] [28] [29] , but other studies showed no positive effect [30] . Moreover, the application of topical steroids may lead to thinning of skin and increase the risk of bacterial infections. Topical aloe vera was frequently used for radiation-induced skin reactions but was shown not to be effective in a number of studies [31] . Calendula cream was demonstrated by one study to decrease the risk of acute radiation dermatitis of grade 2 or higher [32] but was found to have no clear benefit in another study [33] . The evidence for topical hyaluronic acid was also conflicting, with some studies showing it to be effective [34, 35] , while others demonstrated that it may actually be detrimental [36] .
It is therefore clear that there is insufficient evidence in the literature to support the use of any single agent for the prevention or treatment of acute radiation dermatitis [5, 6, 37] . Limited and often conflicting evidence for the care of radiation skin reactions is associated with large variations in the clinical management of this condition between different institutions and also between individual clinicians [38, 39] . In addition, a substantial number of recommended interventions are based only on anecdotal evidence. Therefore, there is a clear need for further studies to identify new agents for the prevention or treatment of radiation dermatitis.
Adlay seed had been previously shown to have antiinflammatory and antioxidant properties. In particular, the bran part of adlay had been demonstrated to have greater anti-inflammatory and antioxidant activities compared to other parts of adlay seed [12] . Since ionizing radiation induces an acute inflammatory response in the skin with production of reactive oxygen species, we hypothesize that oral prophylactic treatment with adlay bran extract may ameliorate the severity of acute radiation dermatitis in patients with breast cancer undergoing radiotherapy. The findings of this study showed that the occurrence of severe radiation dermatitis (RTOG grade ≥ 2) was significantly lower in patients who received adlay bran extract treatment compared to patients who received placebo (45.2% versus 75.7%, adjusted odds ratio 0.24).
In this study, we had elected to use unequal randomization ratios (2 : 1 in favor of the experimental group) to increase patient acceptability of the trial and therefore improve recruitment rates and because increased number of patients being allocated to the adlay group will allow us to better monitor any possible side effects which may arise from this new treatment. Since the treatment allocation process is entirely random, the use of unequal group sizes in this clinical trial is not expected to affect the validity of our data. In fact, some investigators have argued that unequal randomization has been underutilized in the design of clinical trials and recommended that it should be used more often in appropriate situations [17] . In this study, we have chosen to use olive oil as the placebo because it has identical appearance as the adlay bran extract with similar consistency and taste. This enabled double-blinding to be achieved in this clinical trial.
In the present study, the occurrence rate of severe acute radiation dermatitis (RTOG grade ≥ 2) was higher compared to previous reports [25, 32, 33] . This may possibly be due to ethnic differences in radiation-induced skin reactions, variations in radiotherapy technique between different institutions, differences in clinical management of radiation dermatitis (patients in this study were asked not to take oral anti-inflammatory medications or apply topical skin agents), and the subjectivity of the RTOG clinical scoring criteria (radiation-induced skin reaction in a particular patient may be graded as either "faint" or "bright" erythema by different investigators). Since all patients in our study were assessed jointly by the same radiation oncologist and dermatologist, the RTOG grades of patients can be compared within this study but not with other studies.
Adlay bran contains a substantial amount of neutral oil (around 25% of the dry weight) [40] . Fatty acids that are present in greatest amounts in adlay bran are oleic acid, linoleic acid, palmitic acid, and stearic acid. In addition, significant amounts of phytosterols, phenolic compounds, and flavonoids are present in the adlay bran [11] . Although the exact active components in adlay bran are currently unknown, phenolic compounds and flavonoids had been shown to contribute to the antioxidant and antiinflammatory actions of adlay bran [8, 9, 12] . In terms of molecular mechanisms of action, adlay bran had been demonstrated to exert anti-inflammatory effects through suppression of COX-2 expression [7] and inhibition of nitric oxide production [8] . In addition, adlay bran had been shown to mediate antioxidant activity through scavenging of superoxide anion radicals [12] . Further investigations are required to identify the biologically active constituents of adlay bran and elucidate the molecular mechanisms for their possible anti-inflammatory and antioxidant actions in relation to acute radiation dermatitis.
Previously, adlay seed has been used for centuries in certain Asian countries as a food supplement without obvious adverse effects. In our study, the great majority of patients also did not report any side effects from oral ingestion of adlay bran extract throughout the treatment period. This indicates that adlay bran extract may be a safe form of treatment for acute radiation dermatitis.
In terms of patient-and treatment-related factors, multivariate analysis in our study showed body mass index to be a significant prognostic factor for the development of severe acute radiation dermatitis (RTOG grade ≥ 2). This is in agreement with a previous study demonstrating an association between higher body mass index and acute radiation dermatitis of grade 2 or higher [32] . On the other hand, the risk of severe acute radiation dermatitis was not significantly altered by age, hypertension, hemoglobin level, Evidence-Based Complementary and Alternative Medicine 7 creatinine level, type of surgery, chemotherapy before radiotherapy, or hormone therapy in our study. Previous studies in patients with breast cancer receiving radiotherapy had also demonstrated no significant associations between the severity of acute radiation dermatitis and patient characteristics including diabetes, hypertension, previous chemotherapy, and hormone therapy [36, 41, 42] .
In summary, the results of this prospective, randomized, double-blind study indicate that oral prophylactic therapy with adlay bran extract may reduce the risk of acute radiation dermatitis of grade 2 or higher in patients with breast cancer undergoing radiotherapy. No serious adverse effects due to adlay bran treatment were noted. Therefore, adlay bran extract may have potential use in the future for the prevention of severe acute radiation skin reactions. Further clinical studies with larger numbers of patients will be required to determine the optimal dosage and duration of administration for patients receiving radiotherapy.
